Photosynthate and Nitrogen Requirements for Seed Production by Various Crops
Abstract. Seed biochemical composition was the basis for segregating 24 crops into four distinct groups. Nitrogen requirements of pulses and soybeans were so great that sustained seed growth demanded continued nitrogen translocation from vegetative tissues. This translocation must eventually induce senescence in these tissues. restrict the duration of the seed-fill period. and limit seed yield.
Seeds of crop species vary a great deal in their chemical composition and these differences significantly influence their utility to man. The formulations of livestock feed or the diets of humans, for example, are based to a great extent on the relative proportions of protein, carbohydrate, and lipid of the various available grains. Recently, attempts have been made through crop breeding to alter the chemical composition of seeds and thereby enhance their nutritional and economic value.
However, the impact of altering the chemical composition of seeds on the photosynthate and nitrogen relationships within the crop plant and, consequently, on crop productivity have rarely been considered. Since nitrogen fertilization is recognized as a critical factor in crop production, changes in nitrogen demand resulting from alterations of seed composition may require a reevaluation of management techniques for crop nitrogen supplies. Therefore, a second objective of this analysis was to examine the nitrogen requirements of seeds with varying protein contents. The relative amounts of protein, carbohydrates, lipid, and ash (on the basis of fresh weight) of 24 crop seeds were used in this analysis (1). All data were first converted to dry weight and a wide range in the relative composition of seeds was obtained (see Table 1 ). The ranges for the relative amount of protein, carbohydrate, and lipid were 8 to 38 percent, 19 to 88 percent, and 1 to 54 percent, respectively. While the data for a given species may. be unrepresentative of some genotypes within the speci.es, the range in these data allows evaluation of the seed biomass production and nitrogen requirements of cultivars with differing chemical compositions.
The relative seed compositions were first used to calculate the photosynthate requirements for biomass production. The results of an exhaustive examination of the biochemical pathways for the production of proteins, carbohydrates, and lipids from l \ glucose by Penning de Vries (2) were used. lations are required to account for nitrogen even when the photosynthetic productiviHis analysis showed that the biomass con-supplied to the seeds by redistribution ties of the crops are equal. Similarly, a versions were, in fact, fairly insensitive to from the vegetative tissues, which is not ni-wide range of nitrogen requirements were the synthesis pathway and the sub-trate.
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To visualize more easily the differences grams of seed biomass produced per gram synthate ranging from 0.42 g for sesame to among the crops, the nitrogen requireof photosynthate (that is, glucose), are 0.75 g for barley and rice, which suggests ments per gram of photosynthate were presented in Table 1 . More detailed calcu-an almost twofold difference in seed yield plotted in Fig. 1 against biomass produc- Fig. 1 are the grain-cereal' crops that have been traditionally the world's staple crops. These seeds are characterized by low protein and lipid contents. In the lower left-hand quadrant is a slightly more scattered group of crops containing most of the world's oil crops, which have the common characteristic of high lipid contents. Their yields are only about 60 percent of the grain yields, which is in good agreement with the yield ratio of rape seed and wheat in the Netherlands. The upper right-hand quadrant contains crops that are low in lipid content but have fairly high protein contents. This group contains many of the pulse crops grown for human consumption. Soybeans are the sole crop in the remaining quadrant, which demonstrates its uniqueness among the world's crops in bo.th the composition of its seed and potential limitations to its productivity. Soybeans not only require the greatest amount of nitrogen in seed production but. are also one of the lowest producers of seed biomass per unit of photosynthate. By assuming rates of crop photosynthate production and nitrogen uptake from the soil, further distinctions among the crop species can be made based on the nitrogen balance. We estimate that healthy, adequately fertilized crops will produ~e photosynthate for seed production at a rate of about 250 kg ha-1 day-'. A nitrogen uptake rate of 5 kg ha-1 day-' is in the range of maximal uptake rates for many crops. Division of the estimated nitrogen uptake rate by the photosy.nthate production rate yields an estimate of the nitrogen supply to the seed from the soil of 20 mg of nitrogen per gram of photosynthate. This nitrogen supply, shown as the horizontal dashed line in Fig. 1 , is sufficient only to satisfy the nitrogen demands of 1he crops in the two lower quadrants. The species in the top part of Fig. 1 are not able to meet the total nitrogen demand generated by the seed tensive nitrogen translocation to the seeds portance of nitrogen availability and sup· from the nitrogen supplies available from from vegetative tissue, a shorter period of ply on crop yields. The seed yields of crop the soil. Increasing the nitrogen uptake seed development, and lower total yield species identified as self-destructive may be rate to 6 kg ha-1 day-' increases the supply (4) ;.
significantly inhibited by insufficient rates to 24 mg ()f mfr()gen ·pet gramn oTplT~Hftfr~~e~~0-e --uOtL-unuit+JfOIJ.lg~e;.IJn~-;ss..~. 1 LJ.IPlfPU.:IY'f.. _Twhwe;:..bo.t4l. g~bwr:aaJJte~swowfwnruillt r::co~;-_ _ _ -J gen uptake demanded by the seeds of these cies would be unresponsive to nitrogen fertilization unless it increased directly the rate of nitrogen uptake by the plant during seed-fill. The inability of the self-destructive crops to respond to nitrogen fertilizer is aggravated beca~se many of these species support symbiotic nitrogen fixation, which tends to decrease in proportion to nitrogen fertilization. In soybeans the yields of a nodulating genotype were essentially unchanged by nitrogen fertilization, while the yields of a nonnodulating isoline increased with fertilization, reaching those of the nodulating genotype (5).
thate and leaves the division between the crop groups nearly unaffected, with only chick pea moving below the line.
For the crop species in the top part of Fig. l to sustain the calculated rates of seed biomass production, wr;; hypothesize that the remaining nitrogen demand must be obtained from· the vegetative plant parts. Experimental observations of nitrogen mobilization and translocation from leaves to seeds during seed development support this hypothesis (3) . Since the pool of nitrogen and protein in vegetative tissues will be continually depleted, the vegetative tissues must eventually lose physiological activity as the nitrogen levels decrease and ·the plant becomes .. self-destructive." Many of these self-destructive species in the top part of Fig. 1 exhibit leaf senescence and abscission during seed development. Final seed yield of these species may also be closely tied to the self-destructive characteristic. Since the duration of the seed development period is obligatorily linked to productive vegetative tissues, if seed development eventually impairs the physiological activity of vegetative tissues, seed production in the self-destructive species is inherently limited to a finite length of time for seed-fill. Therefore, the duration of the seed development period is intimately tied to the rate of nitrogen uptake by the self-destructive crop during seedfill. A low rate of uptake results in a large nitrogen demand and leads to exFor the species in the lower portion of Fig. 1 seed growth may be sustained by a relatively small rate of uptake of nitrogen during the seed-filling period without the necessity of nitrogen redistribution within the plant. However, these species may also translocate nitrogen during seed development and the total amount of nitrogen available from the soil is often finite, so that self-destruction may also develop in the species in the lower portion of Fig. l . Nitrogen fertilization may at least partially alleviate the limitation of nitrogen availability in the soil and minimize the effects of the self-destructive process in these species. This agrees with the w.ell-established phenomenon that nitrogen fertilization of small grains increases yield by postponing senescence.
Our analysis of the chemical composition of crop seeds shows the potential imspecies may cause the rapid translocation of nitrogen from the vegetative plant parts. The destruction of. proteins in vegetative plant parts leads to a loss in physiological activity and senescence of the plant, and a shortened period for seed development. The remaining species are not generally limited by the potential rate of nitrogen supply from the soil but rather the total amount of available nitrogen.
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